Twenty-one strains of a novel ascomycetous yeast species were isolated from soil collected in three kinds of natural forest, namely a dry dipterocarp forest, a mixed deciduous forest and a pine forest, in Nam Nao National Park, Phetchabun province, Thailand. The strains formed asci containing one to four ovoid to reniform ascospores, assimilated glucose, galactose and glycerol, fermented glucose and galactose vigorously and contained ubiquinone Q-6, indicating that they belonged to the genus Tetrapisispora. A comparative analysis of the small subunit rDNA (SSU rDNA) and the D1/D2 domain of the large subunit rDNA (LSU rDNA) of all available sequences for ascomycetous yeasts confirmed that the strains were phylogenetically related to the genus Tetrapisispora. All strains had identical nucleotide sequences in the D1/D2 domain of the LSU rDNA and differed from the nearest species, Tetrapisispora arboricola IFO 10925 T , by 6?4 % nucleotide substitutions. The strains differed from Tetrapisispora arboricola by the ability to assimilate D-gluconic acid, the inability to grow on 50 % glucose medium, the nuclear DNA base composition and deliquescent asci. The strains were differentiated from the other four species of Tetrapisispora on the basis of trehalose assimilation, the ability to grow on 50 % glucose or 10 % NaCl plus 5 % glucose, vitamin requirement, the nuclear DNA base composition and the type of ascus. Based on the characteristics mentioned above, the strains are recognized as a single novel species of the genus Tetrapisispora and the name Tetrapisispora namnaonensis sp. nov. is proposed. The type strain is TN1-01 T (=TISTR 5828 T =JCM 12664 T =CBS 10093 T ).
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The ascomycetous yeast genus Tetrapisispora UedaNishimura & Mikata 1999 was established on the basis of four species, Tetrapisispora arboricola, Tetrapisispora iriomotensis, Tetrapisispora nanseiensis and Tetrapisispora phaffii. T. phaffii was reclassified from Kluyveromyces phaffii van der Walt 1971 based on phylogenetic analysis of the small subunit (SSU) rDNA sequence. These yeasts had similar physiological and biochemical characteristics and nuclear DNA base composition, but, on the basis of DNA-DNA hybridization and karyotyping, they were assigned to four different species. Three came from soil collected in Japan (T. iriomotensis and T. nanseiensis) and South Africa (T. phaffii), and T. arboricola was recovered from a flower of Elaeocarpus decipiens and leaves of Bruguiera conjugata and Rhizophora mucronata in Japan (Ueda-Nishimura & Mikata, 1999) . Recently, Kurtzman (2003) reclassified Kluyveromyces blattae to Tetrapisispora blattae on the basis of comparative sequence analysis of SSU, 5?8S/alignable internal transcribed spacer (ITS) and large subunit (LSU) rDNAs, EF-1a, mitochondrial SSU rDNA and COXII. While investigating the yeast diversity of forest soil collected in Nam Nao National Park, Phetchabun province, Thailand, we have found 21 yeast strains that represent a novel species of the genus Tetrapisispora. In this study we report on these strains and describe the novel species Tetrapisispora namnaonensis.
Twenty-one strains were isolated from soil collected in a pine forest (TN1-01 T to TN1-10), a dry dipterocarp forest (TN1-11 to TN1-15) and a mixed deciduous forest (TN1-16 to TN1-21) in Nam Nao National Park. Isolation of the strains was carried out by the enrichment technique using yeast extract/malt extract (YM) broth containing 0?3 % Abbreviations: ITS, internal transcribed spacer; LSU, large subunit; SSU, small subunit.
The GenBank/EMBL/DDBJ accession numbers for the SSU rDNA and the D1/D2 domain sequence of the LSU rDNA of Tetrapisispora namnaonensis strain TN1-01 T are AB180479 and AB180480, respectively. yeast extract, 0?3 % malt extract, 0?5 % peptone and 1 % glucose supplemented with 0?1 % sodium propionate and 200 mg chloramphenicol l 21 to prevent growth of moulds and bacteria, respectively.
Morphological, biochemical and physiological characteristics of the strains were examined by standard methods as described by Yarrow (1998) . Assimilation of nitrogen compounds was tested by the method of Nakase & Suzuki (1986) using solid media with starved inocula. Determination of the ubiquinone system was done by the methods of Yamada & Kondo (1973) and Kuraishi et al. (1985) . Analysis of the nuclear DNA base composition was carried out by the method of Tamaoka & Komagata (1984) using HPLC. For nuclear DNA base composition analysis, DNA extraction and purification were carried out by a modification of the method of Marmur (1961) . The remaining RNA, mitochondrial DNA and polysaccharides were removed from the nuclear DNA by the method of Hamamoto & Nakase (1995) using equilibrium caesium chloride and ethidium bromide ultracentrifugation.
Analysis of the sequences of the SSU rDNA and the D1/D2 domain of the LSU rDNA were carried out from PCR products of genomic DNA fragment extracted from cells by the method of Lachance et al. (1999) with some modifications. The D1/D2 domain of the LSU rDNA was amplified with universal primers NL1 and NL4 (O'Donnell, 1993) and amplification of the SSU rDNA was done with the universal primers P1 and P2 (Sjamsuridzal et al., 1997) . The PCR product was confirmed by agarose gel electrophoresis, purified using the QIAquick purification kit (Qiagen) and cycle-sequenced using a BigDye Terminator cycle sequencing kit version 3.1 (Applied Biosystems) with primers NL1 and NL4 for the D1/D2 domain (Kurtzman & Robnett, 1998) and eight primers, P1-P8, for the SSU rDNA (Yamada et al., 1999) . The sequences were determined with an ABI PRISM 3100 Genetic Analyzer (PE Applied Biosystems).
These sequences were aligned with representative sequences retrieved from GenBank using CLUSTAL X 1.81 (Thompson et al., 1997) . Phylogenetic trees were constructed from the evolutionary-distance data (Kimura, 1980) using the neighbour-joining method as described by Saitou & Nei (1987) in CLUSTAL X 1.81. Candida albicans NRRL Y-12983
NT was used as an outgroup in the phylogenetic tree. Bootstrap analysis was performed from 1000 random resamplings (Felsenstein, 1985) .
Based on morphological, biochemical, physiological and chemotaxonomic characteristics, the strains were assigned to the genus Tetrapisispora. The strains were essentially identical in conventionally employed taxonomic characteristics. In phylogenetic analyses based on the sequences of the SSU rDNA (data not shown) and the D1/D2 domain of the LSU rDNA (Fig. 1) , the strains were clustered with the four known species of Tetrapisispora, confirming that the strains are the member of this genus. The D1/D2 domains of the LSU rDNA sequences of the 21 strains were identical and differed from that of T. arboricola IFO 10925 T , the closest species, by 6?4 % nucleotide substitutions (37 substitutions and 1 gap), confirming that the strains belonged to a novel species in the genus Tetrapisispora. The novel strains were similar to the other species of Tetrapisispora, although the ability to assimilate D-gluconic acid, the inability to grow on 50 % glucose medium and the liberation of ascospores can be used to distinguish the novel species from the type strain of T. arboricola. Other phenotypic characteristics useful in separation from the other four species of Tetrapisispora are given in Table 1 . The nuclear DNA base composition confirmed that the strains differed from other species of Tetrapisispora (Table 1 ). The novel strains had G+C contents of 36?2-37?2 mol%, which is higher than in the other species. On the basis of phenotypic and molecular characters, including phylogenetic relationships based on the SSU rDNA and the D1/D2 domain of the LSU rDNA, we describe a novel species within the genus Tetrapisispora, for which the name Tetrapisispora namnaonensis is proposed.
Latin diagnosis of Tetrapisispora namnaonensis Sumpradit, Limtong, Yongmanitchai, Kawasaki & Seki sp. nov.
Cultura in agaro YM post dies 3 ad 25 u C, cellulae ellipsoideae, ovoideae vel cylindricae (1?7-3?365?0-6?8 mm), singulae aut binae, per gemmationem multipolarem reproducentes. Cultura in agaro YM post unum mensem ad 25 uC, butyrosa, glabra, nitida et eburnea. In medio liquido YM post dies 3 ad 25 uC, sedimentum formatur. Pseudomycelia et true mycelia nulla. Asci per transformationem cellularum vegetativarum diploidearum, 1-4 ascosporas continentes. Ascosporae ovoidae aut reniformes (1?7-2?162?1-2?9 mm). Asci rumpuntur. Glucosum et galactosum fermentantur, at non sucrosum, maltosum, lactosum, raffinosum, melibiosum, trehalosum, methyl a-D-glucosidum, cellobiosum, inulinum, amylum, melezitosum nec D-xylosum. Glucosum, galactosum, glycerolum, trehalosum et acidium D-gluconicum assimilantur, at non L-sorbosum, sucrosum, maltosum, cellobiosum, lactosum, melibiosum, raffinosum, melezitosum, inulinum, amylum,
rhamnosum, D-glucosaminum, N-acetyl-D-glucosaminum, methanolum, ethanolum, erythritolum, ribitolum, galactitolum, D-mannitolum, D-glucitolum, methyl a-D-glucosidum, salicinum, acidium lacticum, acidium succinicum, acidium citricum, inositolum, nec hexadecanum. Natrium nitrosum, kalium nitricum, ethylaminum, lysinum nec cadaverinum non assimilantur. In agaro extracto fermenti confecto 50 et 60 partes glucosi per centum non crescit. Crescens in 10 % natrio chlorido/5 % glucoso. Non crescit sine vitaminis. Non crescere potest in 0?01 % cycloheximido. In 34 uC crescere potest at non in 35 uC. Ureum non finditur. Diazonium caeruleum B est negativum. Amylum non formatur. Systema coenzymatis Q-6 Tetrapisispora namnaonensis (nam.nao.nen9sis. N.L. fem. adj. namnaonensis pertaining to Nam Nao National Park, Thailand, where the yeast was originally isolated).
In YM agar after 3 days at 25 uC, the cells are ellipsoid, ovoid to cylindrical (1?7-3?365?0-6?8 mm) , single or in pairs (Fig. 2) . Vegetative reproduction is by multilateral budding. Streak culture on YM agar after 7 days at 25 u C is butyrous, smooth, glistening and cream-coloured. In YM broth after 3 days at 25 u C, sediment is formed. In Dalmau plate culture on potato dextrose agar after 5 days incubated at 25 uC, pseudomycelium and true mycelium are not present. Asci containing one to four ovoid to reniform ascospores (1?7-2?162?1-2?9 mm) are formed directly from diploid . Twenty-one strains, TN1-01 T to TN1-21, were isolated from forest soil collected in a dry dipterocarp forest, a mixed deciduous forest and a pine forest of Nam Nao National Park, Phetchabun province, Thailand.
